A% H2m i3 pes 2 Eird Vol. 41, No. 2
2019 4 2 A Haiyang Xuebao February 2019
XUFEMG, FE P13y, W R4, M U B sm 4k () A8 S IR0 4 IKARAE ) ). 722, 2019,41(2) : 14— 30, doi: 10.3969/j.issn.0253-
4193.2019.02.002

Liu Yupeng, Tang Danling, Wu Changxia,et al. Zoning of the U-boundary in the South China Sea and its ecological environment charac-
teristics[ ] ]. Haiyang Xuebao,2019,41(2):14—30,doi:10.3969/j.issn.0253-4193.2019.02.002

X7t E SR REE VB RARNT

(L. ERE 2 B R PET 98 B B I VE R B R RS0 E TR TN 51030152, B4 B we VI VE R SR BT )
R W EIRE S )R T 51030153, A ERFEBE RS, LI 10004954, 21 48 ¥ | 22 28 22 % 03 m) 61 3 v
S TR TN 51042055, SRR SEHT RS NS K A AL e 8T BSH 4R2; 6. B At K2 M 50 5 IF & 5 F R H A 00
UL M AL 21002357, mE At K AE o E R I 5T B W BIEE TRl T OR RE AT 21009358, R UK Hb IR 5 UG VR R A
Bt . YLJ5 B st 210023)

WE: g UNEBERL(EHhEHE URL RRENEEERL., ZHRN LR T EE KM GIS #
B RAAAREE UNEBEKAN KR AT ELESERT HELAON 04 FASEZN STV T4,
HREERENT Eil UNE SRR AR, RIFERMT 0T & HIE kA A0 B 10 K RAE N 7 38
UBE SR T KA EAEXSAKE, i UHBLEEKAT 4000 km, P3LKF5 X B KEEHL
AL 4% (<1 000 m), T8 X KR B 9% 1404 CF34 2 303 m), & XKW B 7 1 4k 3 (C>2 000 m) s & b KX A
KERALERBAHCEFH 3535 m), i UL S ANXE, BIK G &M 00X 5l AR,
REURGH AXSEEEE AR5 RIEARBHERADE, ARAAFERNSEE UHL 5 A
REGFEREETUEMNARALE . AR AR ELREEREZR . EASRRKEEZRT.RAEBRE
AZRREZFRR BRAGTMERLEEFT RN EELRERTER a KELAZBA HAAFTTES
B, MALRKAFZX AFHEAE K AR FRMAREREELEST TN, BXRGFAREER
BAZEBEAZRP EBRTERE o« REARZFNEUDN  GRXAFHBAZTHEKAL ARXAEHBAL
FAEHK, BARKTERGRMP O ZMUNETT 04, HAREAT 5 MK EEHLE W R XERKE
R AR ERBREMERTRE o RENEFEARABTRESAEREFT AR A B
BERAGEFTENRR ARBERLESFTREMNRRNALERGEUAEEXRTRE a RESFFEMAA,
HRE=. Wl UREAENEREER 0 HEIZERK,ABEAY, 19452016 43 604 & AT H
BUBE,EH A BEEPERL T K 3ANKL1I23E LA & A 537 4,112.3°E VU 415 4, &
UBEAFL R EATIFEZ & N RERZ L& A, 1991—2000 45 & N E KM, B 4% 6 NEH%E 11
AN, FR\EHOGEE URBERBES R 2%  AARZFEN I LEE FEA.

XERFEUREBBEL ;MY KA E;BELAAKRE TV LM &R

hE 4S5 P737.27 XHEKFRERD A X EHS0253-4193(2019)02-0014-17

Wrfm B #A:2018-04-23; 81T H #3:2018-08-13,

E2TH : HE ARBEIA (41876136,41430968) 5 7% [ b i e B 55 B2 2017 4 B 43 A% PR A0 G 15040 ol Vg ik L 48 100 Rk 2 3R AF B L g 35 3 S5 1oF
G TZDA24) 5 AR A8 Wik HE IR T 40 20 25 (LORS) 2018 45 HF il 3 43 (2017B030301005) 5 21 1 22 ¥ |- 2248 2 - ] €0 37 1 00 1 SRS 2 T
KIH (2015HS05)

EE R X FME 1994 B T RABRM NN 5k, FE 7 B RS . E-mail : liuyupeng99(@163.com

* BASIEE JHSH P9 51, F2 B S0 A 0 KU  HE R T A S IR BE 9T . E-mail : lingzistdl@126.com



2 NFMSE  F I U I S 2R A A A BRI 20 X AR AE

15

1 515

RV U SR M e AL L AR R U B4R,
PR [ 2K A RS Y R . [ TR Y
U BSR4 0] WL+ 1914 4FHo ™, 1948 4 BUN 8 A
rEE U B s AL BE 2 240 s
HRIE 1951 AF H AR v e N B T b R eV
PR ) LA 3% 25 ) R 2 A AT B X R 26 22 i g U IR
WrZE T 1948 4F BT > A 1 B g U JE 2k 5 AL [l
“EEE U TR SR SRAE b [ Y R 9 RN T
O I R B R I U B 2k A4 v AU R B 2
PF S R VAR

g RKE B S SRR E e T
flraiE UIBL, BT Tl m i U B4 0916 7 30 45 4
fiE o K TR HIEAE Ry e A e BT PR BR B R AR S5 1
SEIEAT A A B T f# . 1R A GE o B 5E 24
0% MRE I U B LR HIE L IESE T %3/ m e U B 2k
P18 30 4 = e G T A, T e A SR P A5 S v ) 47
P8 1 T D D) AR 4T 6 b A8 Ak B i Ak T 1A A e e il
R RSV rh &) o AEPU BB R 2R IX 45 B RGeS
B HEAT R A R B R AR ) 2 R A
AT T INIREG W U TE Lk 55462 70 %6 I HUE 4F1E

R U JE 1 55 28 K % b B 49 46 4 43 A R AE 40
far7 dnful > 4 000 Z T KK B U JE i 55 28 i 17 R 27
Ay RERE U2k A SR B2 058 ik 35 IR A58 (0
W AR ST IR T A F R ()8, A i 2 A S ) 2 )
A eI R U 20 7 PR 85 1) 4 T oA RUVE Bl
B ONA G U TP 26 0 1 IR 58 4 B TR TR
TR B A 8 34 T ORI A OG U DX 2 T R
R U TR 0 1 7 58 5 R AR 3 il 1 22 90 2 1%
P HE TR 42 LA ) 1 B 22 AR i . T SR B BT 5 AR AR Y
1951 4F¥ELE R W U B e IR, S A B 5% 1517 7 1
U 704558 ] SR ) i T 0 A 265 B 05 AR A 35 Rk ) A
FEHRAL T VRS L ) LT S AR R AR

ASCH AT IE K& B 1951 4F D 3% 27 [ 7 26
AT IR DX 300 4 22 ] Ay rr B N R S R 157 W 51 i VB 3
B, 254 3 BT GIS J7 i, FIl F 2 F g B 854t L sl
BAGEEIF T e 1 U B4R B9/ R A = R 1E , S by
2014 4FrME U B LR LA A 5 R85 I R A KRB
JERGT T B U TR i1 P AR S IR A A AR AR . A
CHERBESE T SR R U ISR A A AR IR B AR
fE AR TR U B Mg 2y 5 X 8] 43k, B R A
PR EE AL

2 WFgE XA EOE

21 MRERIE

miE U JE i 85 2 9 3 Bl (3° ~ 25° N, 105° ~
125°E)fUdE K4y 3.5 X 10° km?® ¥ 8, J2 3% [ T 16 i
AR B G it AR 5 1 i R 2 38 A 1 ST T
B PR T 1200 m, B ORIREE #5300 m(fi
FHRPEEE " . B U B LG0T 5 W
Kbl AR AR PR R IR SRR 5 05 5 5 9,
AARICEI M EZE S IGA S AR  BhE
BESy RSP IR RS LR, i U
T8 P 43 i 2 1 22 1 5 R0 L A0 355 5 T R O L T P
By ARUDBES R U BES VEUDRED REVORE R SR,

TR U T S 4 0 1Bl P ) T vl T Bl — A
FRPEMEIR , TR 22 A F RURT P I8 45 A 18 sk Vg 7K
i BIR G (18 IR AR BR 2 ARk 5 B0 7 A AR
R I
22 HiE

FIH 1948 4ETE 3 & A B 1951 4F 3 4238 A9 P 5K
I U BSR4 14, $2 0 R g U T g 3R 47 1Y %
SLpif UB g d BfE B e i 2 B fig U
TR AL B IR R, o T TS R L
BRI U B L P4 12 i B 2 1K 8 (6 35 [,
gh A R MR AR A R (ETOPO2) I IS 1 5%
TS it T L 3R 1 18 R AT s m il U B4
KR AT 2014 AR U B iR
ARSI EN AL, iR S S H (sea lev-
el anomaly, SLA) ¥ 3% X3 (sea surface wind field,
SSW) Fil i 2 i 3% (sea surface currents, SSCs) %X 43
HEARR 25 kmX 25 km 51 U B L2 8 B A5
L. M FTA 4l B U B LA & KR AR 1,
JF2:il 19452016 4E3L 72 4R &5 KUk AR
22,1 ZLEE5 1948 4FR1 1951 FrgifE U JE L

R ArcGis #AF, X5 1948 4EF1 1951 4E R ifg U
TELEER AL BT 54 AebR 2R GE AT 8052 7228 4 A AR A e
e, 308 5 4 ) O AT LA GE , A 1951 4F b ]
(b)) = CF # 2/ i U JELR A7 B - 1948 4F M &
(F Ta) Mol CH RTS8 AR W 43 45 15 H 52 2%
MRE I U TSR i 9 2k it AL R 3R U 1 U JE 4R I
226, JF A Matlab 2 i G g U JE 280 1 22 K
REE
2.2.2  BIEEE

HIEEE R F ETOPO2, 35 [ F 5 1 BR 4 B4



16

Al 0%

P& H1.0> (US National Geophysical Data Center) ) 2 43

3 AR A2 R R A K TR A 0 4

b
116 12
=

1: 3000000¢C
L) 0 200 40082

o]

%m i

15

e

S

48

E2
— %

N —{’:,. 7 lil
g Nﬁg/f/ i }5
110 g 115 120

K1 miE UELbE
Fig.1 Map of U-boundary in the South China Sea
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a. The first official released map of U-boundary in China in 1948L°); b, the first reported map with continuous U-boundary in 1951
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Fig.2 The 3D depth of U-boundary in the South China Sea
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a. Water depth of U-boundary, black dotted line shows the position of the 5 segment method on the U-boundary (color means
water depth 0-5 000 m); b. clockwise rotation 30° 3D map of figure a. purple dotted line shows the segment positions of the
5 zones on the U-boundary (color means water depth 0—5 000 m); c. the water depth lower than 500 m of the U-boundary
(the yellow zones of the U-boundary indicate the terrain <<500 m and with color display. The black zones of the U-boundary

indicate the terrain =500 m and without color display)
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The red dotted line indicates the divided lines of the 5 zones in the U-boundary, gap of each picture only indicates missing data
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Fig.6 Typhoon paths on U-boundary from 1945 to 2016
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Fig.7 Line chart of typhoons across the U-boundary in the South China Sea per 10 a from 1945 to 2016
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Fig.8 The line graph of each element (mean value) in all four seasons on all five zones in the U-boundary in the South China Sea
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Abstract: U-boundary of the South China Sea (short name as U-boundary of SCS) is China’s sea boundaries. Based
on GIS and various remote sensing data, this paper studies the terrain and marine eco-environment of the U-
boundary for the first time, mainly analyzing water depth and environmental characteristics, and presenting the
three-dimensional characteristics of water depth distribution of the U-boundary. This study divides the U-boundary
into five zones: the northeastern zone (NE), northwestern zone (NW), eastern zone (E), western zone (W), and
southern zone (S) according to the terrain characteristics. In the NW and S, the terrains are gentle (<1 000 m) ;
the W with the peak distribution is 2 303 m in average. The water depth in the E is over 2 000 m with an increase
from south to north. The water depth of the NE is trough and the deepest water reaches 3 535 m. The study shows
that the topography of NW, W, S, E and NE of the U-boundary are consistent with the Beibu Gulf Basin, the Vi-

etnam East Fault, the Zengmu Basin, the South China Sea Trough, and Manila Trench respectively. The results
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show the impact of monsoon on the seasonal variations in the 5 zones of the U-boundary: in the NW and NE of the
U-boundary, the sea surface temperature (SST) is the highest in summer, with high variation and the mixed layer
depth are deepest in winter and lowest in spring while the seasonal variation of sea surface currents (SSCs) and sea
surface salinity (SSS) are small. But in the NW, concentration of chlorophyll @ blooms in winter and presents log-
arithmic distribution in other seasons, while that increase slightly in the middle of the NE in winter. The seasonal
variations of SST in the W, S and E are small, while the seasonal variations of the sea surface wind field (SSW)
and the mixed layer depth (MLD) are the strongest in winter but the weakest in spring. But the seasonal variation
of the sea surface chlorophyll @ concentration (Chl @) in the W is small while that in the middle of the S increases
significantly in winter, and that in the south of the E increases slightly in winter. Marine factors in NW and S
(shallow terrain) show the same seasonal distribution, especially the high Chl a in both NW and S zones in winter.
The study also reveals the regional characteristics of the marine environments among 5 zones of the U-boundary.
The largest seasonal variations in the SST and Chl a occur in NW zone while the largest seasonal change of the
MLD appears in W zone and the largest seasonal change of the SSCs occurs in S zone. And the largest seasonal var-
iation in the SSS is found in the E zone while a large change in the SSCs but a small seasonal variation in the Chl
a is found in the NE zone. The temporal and spatial distributions of typhoon on the U-boundary are different from
north to south, and its distribution is not uniform. A total of 604 typhoons crossed the U-boundary, with an aver-
age of 8 per year from 1945 to 2016. The paths concentrate in the NE, NW and E zones. 537 typhoons crossed the
U-boundary within the east of 112.3° E, while 415 typhoons crossed the U-boundary within the west of 112.3° E,
The ecological environments of the NE zone are greatly influenced by “Wind Pump Effect” caused by typhoon.
1991 to 2000 is a typhoon-prone period, with an average of 11 typhoons across the U-boundary. In this study, the
proposed method of dividing the U-boundary in the SCS into 5 zones based on its topographical features has impor-
tant scientific and practical significance.

Key words: U-boundary in the South China Sea; terrain; 5-zones distinction method of U-boundary; marine eco-

logical environment; seasonal variation; typhoon



